We present a new class of composite Higgs models where an adjustable tree-level Higgs quartic coupling allows for a significant reduction in the tuning of the Higgs potential. Our 5D warped space implementation is the first example of a holographic composite Higgs model with a tree-level quartic. It is inspired by a 6D model where the quartic originates from the Tr[A 5 , A 6 ] 2 term of the gauge field strength, the same model that led to the original little Higgs construction of Arkani-Hamed, Cohen, and Georgi. Beyond the reduction of the tuning and the standard composite Higgs signatures, the model predicts a doubling of the KK states with relatively small splittings as well as a Higgs sector with two doublets in the decoupling limit.
Introduction
The origin of the Higgs potential and its stabilization is one of the key mysteries posed by the standard model (SM) of particle physics. An exciting possibility for explaining the dynamics behind electroweak symmetry breaking (EWSB) is that the Higgs boson itself is composite [1] [2] [3] , due to an additional strong interaction at scales about a decade or two above the weak scale. While this idea is intriguing, it does not work without additional structure: in order to reduce the scale of the Higgs mass well below the new strong coupling scale, one also needs to assume that the Higgs is a pseudo-Nambu-Goldstone boson (pNGB) of a global symmetry broken at a scale f , giving rise to pNGB composite Higgs models. There are two basic types of these: little Higgs (LH) models [4, 5] which were very popular in the early 2000s and (holographic) composite Higgs (CH) models [6] [7] [8] , the simplest of which is the so called Minimal Composite Higgs Model (MCHM). For reviews see [9] . In both cases the essential ingredient for the 1-loop cancelation of the quadratic divergences is collective symmetry breaking [5] , in which no single explicit breaking term breaks the global symmetry completely, and the divergences in the Higgs potential are softened. Most LH models contain a tree-level collective quartic (and a loop-induced finite or at most log divergent quadratic term), resulting in completely natural EWSB with no tuning. However, since the size of the quartic is determined by the same parameters as the quadratic, these models predict a heavy Higgs boson well above the observed 125 GeV mass. Holographic composite Higgs models have a loop-induced quartic and therefore predict the correct size of the Higgs mass. This, however, comes at a cost of a (v/f ) 2 tuning [10] in the Higgs potential. Additionally, the top partners in these models tend to be at least as heavy as 1.5 − 2 TeV and thus not immediately discoverable at the LHC.
The tuning in holographic composite Higgs models could clearly be reduced if a treelevel but adjustable quartic were present.
1 This realization has inspired us to revisit the original little Higgs model [4] , formulated as a 6D gauge theory where two Higgses correspond to two Wilson loops going around the fifth and sixth dimensions and the collective quartic arises from the field strength term Tr[A 5 , A 6 ] 2 .
The aim of this paper is to implement the ideas of [4] within the holographic approach where the extra dimension is warped. For this purpose, we construct a 6D model on an AdS 5 × S 1 background where the quartic is generated similarly to [4] and the Higgs can be interpreted as a composite pNGB. We discuss the essential aspects of the 6D model and then quickly zoom in on a simple and transparent formulation in terms of a warped 5D model, where only the sixth dimension has been deconstructed. The resulting Higgs sector is a CP-conserving two Higgs doublet model (2HDM) in the decoupling limit with a tree-level, MSSM-like quartic. As we will see, this quartic can be adjusted to fit the observed value without extra tuning.
In its warped 5D version it provides the first example of a composite Higgs model with a tree-level Higgs quartic coupling in which the only source of tuning is related to the reduction of the Higgs mass parameter. Moreover, the top partners in this model can be light and discoverable at the LHC. It turns out to be a relatively simple model which captures almost all the essential elements of the 6D theory (as well as the original model of [4] ).
The paper is organized as follows: Sec. 2 contains an explanation of the reduction of the tuning in the Higgs potential due to the presence of the adjustable Higgs quartic. In Sec. 3 we present the essential ingredients of the 6D theory and the structure of the zero modes. Sec. 4 contains the warped 5D model, which is the main new result of this paper. We provide the matter content along with the structure of the Higgs potential and a mechanism for lifting the flat direction in the tree-level potential in Sec. 5. The matching onto generic 2HDM models is contained in Sec. 6, and the basic elements of the expected phenomenology in Sec. 7. We conclude in Sec. 8.
Motivations for a Quartic from 6D
The first implementation of the little Higgs idea [4] was based on a deconstructed [12] 6D gauge theory. The aim was to construct a composite Higgs model where a large treelevel quartic could result in a fully natural electroweak symmetry breaking (EWSB) Higgs potential. The extra dimensional components A 5 , A 6 of the gauge field can have the right quantum numbers to be identified with the Higgs. Compactification of the extra dimension can provide physical irreducible Wilson lines in the extra dimension which have all the properties of a pNGB in 4D (see also [13] ). The quartic arises from the field strength term:
In the deconstructed version, this corresponds to a plaquette operator.
Before explaining the details of the full 6D construction (as well as the simple warped 5D version), we would like to explain how the presence of such a tree-level quartic could help alleviate the tuning in composite Higgs models 1 . The Higgs potential in CH models with a loop-induced quartic is parametrized as
where g t is the SM coupling, M Ψ = g Ψ f is the top partner mass, and a and b are (at most) O(1) numbers. The coefficients a and b can be smaller than 1 (at the price of tuning various terms against each other) but can not be bigger than O(1). The tuning is then quantified by
The origin of the v 2 /f 2 tuning is easy to see: since both the quadratic and quartic terms are loop-induced by the same dynamics, the minimum of the potential is when
, which for b ∼ 1 gives the "irreducible" tuning of composite Higgs models ∆ =
The lower bound on this tuning follows from electroweak precision and Higgs coupling constraints, which imply that that longer the indirect bound Eq. (4) but rather the direct bound on the top partner mass from direct searches at the LHC,
This is parametrically weaker than the bound in the conventional CH. Moreover, Eq. 5 implies that top partners should lie just around the corner, well within the reach of the LHC. This is contrary to the standard CH case, where light top partners are disfavored by Higgs and EW data [14] .
The reduction of the bounds on tuning in twin Higgs type models [15] [16] [17] [18] [19] [20] [21] [22] is even more impressive. One can show that twin Higgs models with an additional source of quartic will remain natural (no tuning required) even after the end of the high luminosity 13 TeV run of the LHC. Similar ideas have been discussed in [23, 24] .
The 6D Composite Higgs Model
In the following section we present a warped model with a collective tree-level quartic for the pNGB Higgs. This model can either be written in six dimensions or deconstructed into lower dimensional models. As we will see in the next section, the simplest and most useful representation of this model is as a warped 5D model with two sites in the bulk representing the sixth dimension. To motivate this construction, we first review the essential features of the full 6D theory.
The 6D model is defined on an interval of AdS 5 × S 1 /Z 2 × Z 2 with metric
where the R < z < R coordinate parametrizes the warped direction of AdS 5 and 0 < y < R y parametrizes the S 1 direction. The geometry along with the boundary conditions is illustrated in Fig. 1 . At z = R and z = R there are UV and IR 4-branes, and at y = 0 and y = R y there are other 4-branes, denoted Down and Up. Furthermore, there are 3-branes at the four 'corners' UV-Down, UV-Up, IR-Up, and IR-Down.
The bulk gauge symmetry of the model is G (usually chosen to be SO(5) to incorporate custodial symmetry), broken to an H subgroup (SO(4) in the simplest model) on the IRUp, and IR-Down 3+1 branes. This setting is a direct extension of the standard CH construction of a bulk G in AdS 5 broken to H on the IR brane. The two IR symmetry breaking points in our case correspond to two sets of G/H pNGBs instead of just a single one in the standard CH. Additionally, the bulk symmetry on the UV-Down corner to the SM SU (2)×U (1). This is analogous to the UV breaking in the standard CH, which ensures that only the SM gauge bosons remain light. In a similar way to 5D gauge-Higgs unification, the Higgses in our setting arise as the two Wilson lines connecting the UV-down corner where the G symmetry is broken with the two IR symmetry breaking points. To calculate the Higgs potential, we start from the 6D Maxwell action S = − 1 4g
Choosing a bulk Lorentz gauge (∂ M A a M = 0), we find the bulk equations of motion for A a z,y simplify to:
By integrating the bulk action by parts, we can also obtain the boundary conditions:
We would like to emphasize that these BC are valid at generic points on the 4-branes, but not on the 3-branes at the UV-Down, IR-Up, and IR-Down corners in the corners, where the BC are modified for the broken generators. In the Lorentz gauge the generic BC can be rewritten as:
Together with the bulk EOMs these BCs can only be satisfied if 
The potential F a satisfies the warped version of a 2D Laplace equation, and will be the main object of interest for us. This potential also has a distinct physical meaning: after fixing an integration constant, this potential is exactly the log of the Wilson line from the UV-Down 3-brane to any other point in the bulk. The problem of finding zero modes for A z and A y is thus reduced to solving the warped Laplace equation on a rectangle with Dirichlet boundary conditions everywhere but the three gauge symmetry breaking points on the UV-Down, IR-Up, and IR-Down corners. We have obtained the full solution to this problem via Fourier transforms. The solution is a linear combination of two zero modes A, B = 1, 2:
where F A are the extra dimensional wave functions and h i A are two 4D doublet modes. Both of these are IR localized, F A is localized in the IR-Up corner and F B is localized in the IR-Down corner. The index i above stands for the SU (2) L doublet embedded in the adjoint of SO (5) as usual, and will be suppressed in the following. We present slices of the zero modes obtained from solving the 2D Laplace equation in Fig. 2 . We can see that indeed both modes are IR localized, and peak at two different corners on the IR brane.
A 5D Model Holographic Composite Higgs Model with a Tree-level Quartic
In this section we present the key result of this paper: a warped 5D composite Higgs model with a non-vanishing tree-level quartic for the Higgses. It is based on the 6D model outlined in the previous section, by deconstructing the flat sixth dimension as a two-site model, while the warped fifth dimension is kept unchanged. For previous attempts at warped UV completions of LH models see [25, 26] . The background is the standard AdS 5 metric in the 5D bulk
Figure 3: A sketch of the main elements of our deconstructed 5d model. The two sites in the bulk represent the SO(5)
The bulk link corresponds to the breaking of SO (5) u × SO (5) d into the diagonal SO(5) V with a constant VEV in the bulk.
and the bulk Lagrangian looks like a two-site model: the bulk gauge symmetry is SO(5) u × SO (5) d , where i = u, d are the two sites mimicking the effect of the 6th dimension. The bulk symmetry is broken on the IR brane to SO (4) u × SO(4) d and on the UV brane in
. The π a 's play the role of the 6th component of the 6D SO(5) gauge fields A y . The decay constant f 6 is taken to be a constant along the 5th dimension, and is roughly of the order of the inverse AdS curvature 1/R. This model is illustrated in Fig. 3 .
Next we will explicitly show that this model contains two scalar zero modes with IR localized profiles. The bulk action for this model includes the gauge kinetic terms and the covariant derivative of the link field:
where the covariant derivatives are
and = 0. The vector combination A V z corresponds to an unbroken bulk symmetry, and so the part of the zero mode contained in the corresponding fifth component must be of the usual form A V z ∼ z. Substituting the π variation in the axial part of the A 0 variation, we obtain the equation for the zero mode as well as the relation between A z and π components of the zero mode:
We choose the UV boundary condition to be A u z | U V = 0. We do not need to specify an IR boundary condition for the A z s: the reason is that in the gauge we chose there is no boundary localized term involving A z , thus one does not need to consider the boundary variation of these fields. This is in accordance with our expectations from the fact that the A z equations of motion are effectively first order, hence one BC should be sufficient. The space of zero mode solutions is two dimensional, spanned by modes A and B satisfying:
The two solutions to the EOM are:
where α = 1 + g 2 5 f 2 6 R 2 and h A (x) and h B (x) are the two canonically normalized 4D modes. The ± mean a "+" for the A mode and a "−" for the B mode.
In the g 5 f 6 R = g * f 6 R 3/2 ≡ θ 6 1 limit, which is necessary to obtain a quartic smaller than O(1) (see Sec. 4.1), the profiles far from the UV brane (z R) are:
This can be understood as the limit of no bulk breaking, in which the two modes simply correspond to the pNGBs of the two separate SO(5)/SO(4) cosets. It is then sensible to define the pNGB matrices:
These matrices restore the two SO(5) symmetries by rotating the IR vacua that break SO(5) into SO(4). In the limit θ 6 1:
Since we need to work in this limit for any realistic model building, from now on we identify h A,B with h u,d .
The tree-level quartic
We can now evaluate the quartic scalar coupling by substituting the zero modes in the commutator term of Eq. (14):
Plugging in the profiles and working in the limit R /R → ∞, we get:
where the last result is in the limit that the scale of the bulk breaking is small, i.e. θ 6 1. This choice is necessary to get a quartic which is smaller than O(1), and as promised, also justifies the identification Eq. (20) .
The quartic has the following structure:
where we have adopted the definitions of [4] :
This quartic has a flat direction for h u or h d , which corresponds to h 1 = ±h 2 . In Sec. 5.3 we will discuss how these flat directions are lifted radiatively by the SM top and its partners.
The 4D interpretation
The warped 5D picture makes it easier to identify the 4D dual to our model based on the rules of the AdS/CFT correspondence [27] . As in the standard CH, this dual is a strongly interacting theory which is close to conformal in the UV but confines in the IR. Above the confinement scale there is a global symmetry G × G (the bulk symmetry in the 5D picture), and the IR condensate breaks it to H × H with two sets of G/H pNGBs.
In addition, the CFT is coupled to a UV source which explicitly breaks the G × G symmetry to the diagonal G. In the CFT, a composite operator O G×G that transforms under the global G × G couples to that source and its dimension is related to f 6 , the scale of the breaking in the bulk. We stress that the bulk scale f 6 does not directly correspond to a 4D scale but rather to a 4D scaling dimension, just like bulk fermion masses in RS [28] .
Due to the explicit breaking to the diagonal G, the pNGBs get a tree-level potential. Remarkably, this tree-level potential consists only of a commutator-squared term, and in particular does not include tree-level masses for the pNGBs. This is a demonstration of the 'collective' nature of our potential.
The SM field content
So far we have only considered the scalar modes and their tree-level quartic (while also introducing the SM gauge fields). In this picture, the 4D gauge fields correspond to the zero modes of the surviving diagonal subgroup of the bulk gauge symmetry:
These are the SU (3) × SU (2) × U (1) Y gauge fields, which have Neumann BC on both branes and no bulk mass.
The scalar sector consists of two pNGB Higgs scalars which in the θ 6 1 limit are the h u,d of SO (5) u,d /SO(4) u,d . However, the h u,d basis is not the physical basis for our Higgses, as we will see from the radiatively generated contribution. Instead, we work in the h 1,2 basis of Eq. (24), with the quartic given by Eq. (25).
Next we introduce the SM fermion matter content into this theory. Presently we do not specify the light fermion representations, as there are many different possibilities. The exact choice will definitely be relevant for flavor physics, but its effect on the Higgs potential is negligible. In the following we will only focus on the top sector and its contribution to the Higgs potential. To be consistent with the LHC results on Higgs couplings, we require one Higgs to be SM-like, while the other one should be heavy. We achieve this by arranging for the top to couple only to h 1 so that the top loop gives a negative mass term for h 1 , while h 2 is lifted by the other members of the top's SO(5) multiplet.
The top sector
The simplest choice for the top sector is to embed t L in a multiplet T L transforming as a (5, 1) + (1, 5) of SO(5) × SO(5), while t R is a singlet localized on the IR brane. This is summarized in Tab. 1. In terms of two component spinors, the bulk fermion T L can be written as
where χ u,d , ψ u,d are 2-component Weyl spinors. We impose a Z 4 symmetry on the fermion sector in the bulk and on the U field:
As we will see, this Z 4 symmetry ensures that the top couples only to h 1 , which is important for a realistic Higgs potential. The 5D Lagrangian for T L can be written as
where y 6 is a O(1) coupling of the link field. The first line is just the standard 5D warped fermion Lagrangian, while the second line includes the fermion couplings to the link field which stand for their coupling to A 6 in the full 6D Lagrangian. The bulk masses for both multiplets are assumed to be equal. This arises naturally in the 6D picture and can be thought of as a u ↔ d Z 2 symmetry that is preserved in the bulk and on the IR brane (while broken in the UV). The A z VEV is set to zero by a gauge rotation [29] , with the A z Wilson line entering in the IR boundary condition. Rotating to the bulk mass basis, we have
where ψ 0,1
We see that the full T L bulk multiplet splits into two bulk fermions with masses c L ± y 6 θ 6 . On the IR brane we will always take the same BC for the up and down fermions, while on the UV the BC may be different. To understand how this works, take for example the following BC for a bulk fermion:
where the tilde serves to remind us that the boundary conditions are for the Wilson line rotated fieldsχ
and Σ u,d are the usual pNGB matrices given by Eq. (19) . In terms of the two combinations in the bulk mass basisψ 0,1 l this corresponds to:
These boundary conditions result in a single zero mode that lives both in the 0 and 1 parts of the multiplet:
Note that the combination χ 0 with the higher bulk mass rises faster towards the IR, and so the dominant contribution to the Higgs potential comes from that combination. In the following calculation of the Higgs potential we will neglect the χ 1 contribution, and comment on it in the end of section 6.
On the IR brane, the singlets of SO(4) × SO(4) in the T L multiplet can couple to t R . Formally, these couplings can be written in terms of the spurions that break the SO(5)s into SO(4)s, denoted as S u,d = (0, 0, 0, 0, 1). The IR Lagrangian is given by:
with the projections of the pN GB matrices written explicitly as
We have also assumed that the IR masses respect the u ↔ d symmetry (similarly to the bulk masses).
The top contribution to the Higgs potential
The 4D effective Lagrangian for the top zero mode can be obtained from Eq. (35) by inserting the bulk profile of Eq. (34) evaluated on the IR brane. The profile on the IR brane is dominated by the combination
L of the two bulk multiplets, and so on the IR brane χ
The 4D Lagrangian for the top is then:
Substituting these definitions and expanding to second order in the Higgs doublets h 1,2 , where
we get the effective Yukawa coupling of the top:
We see that the top couples only to h 1 , so that it contributes a −
to the 2HDM potential, generating a negative quadratic term in the h 1 direction.
Lifting the flat direction
To lift the flat direction we must have a sizable positive mass term of h 2 . To do that, we break down the contribution of the top partners to the Higgs potential. The top partners populate the T L multiplet, which is the (5, 1) + (1, 5) of SO(5) × SO(5). As before, we separate T L into the linear combinations:
These multiplets couple to t R through the pNGB matrices: 
which is independent of h 1,2 . Since our zero modes live mostly in T 0 L and all the other modes are at M KK , we can now ignore the complete multiplet T 
Here t 0 d is part of an electroweak doublet and t 0 s is an electroweak singlet. Their couplings to the Higgs in Eq. (43) can be explicitly written as:
while the Higgs potential contribution of this sector is
The top partner spectrum of our model is shown in Fig. 4 . We see that M s acts effectively as a cutoff for the h 1 mass term, while both the doublet and the singlet contribute to h 2 with opposite signs. For M d > M s , we get a positive mass for h 2 , lifting the flat direction as required. A simple way to achieve this is to take t 0 sL as a zero mode as well, and marry it in the bulk and on the IR to a similar right handed fermion in a new multiplet. The b.c. for the top multiplet are thus taken as: 
while the rest have (−, +) BC for both up and down components. This means that the zero mode, which we denote s 0 R , exactly mirrors t 0 sL and can marry it in the bulk and on the IR. The bulk mass of the multiplet is chosen such that zero mode is localized sufficiently far from the UV so that M s < ∼ M kk . We also choose the mixing of the two multiplets to obey the full SO(5) × SO(5) symmetry so that a new contribution to the Higgs potential is not generated. The 4D Lagrangian is then exactly Eq. (46) with M s being a free parameter. With our choice of M s < M d ∼ M KK , the total radiative Higgs potential is
This potential lifts the h 2 mass to the KK scale, so that:
where m h is the measured mass of the SM Higgs (which corresponds to h 1 in our scenario).
The 2HDM Potential
In this section we present the Higgs potential in our model. As we will see, this is a 2HDM potential in the decoupling limit 1 . The h 1 doublet will serve as the SM Higgs, coupling with approximately SM magnitudes to the W and Z gauge bosons and to the top and bottom sector, while h 2 will be heavy.
Mass terms and quartic
The SM-like h 1 gets a negative quadratic term via top loops
while the positive quadratic term of the second Higgs is
as explained above. Additionally, there is a small h 1 h 2 mixing from the subdominant mode with bulk mass c − ∆c, which we have neglected previously. Including this mode, we get a fermion Lagrangian of the form of Eq. (46) with the following corrections:
where
In the decoupling limit, we can just fit the quartic to its experimental value 1 2 g 2 * θ 2 6 = 2λ ≈ 0.13 .
For g * > ∼ 3 we get that the bulk SO (5)×SO (5) breaking parameter is θ 6 ∼ 0.1. The physical Higgs masses in the decoupling limit are just:
while the alignment angle is
Since our cos (α − β) is small, our decoupling limit leads to alignment: the vector bosons couple to h with SM-like magnitudes, while their coupling to H is supressed. In other words, h is almost completely SM-like, while H is both heavy and inert up to O(
40
).
Phenomenological Consequences
The BSM phenomenology of our model can be largely divided into standard composite Higgs phenomenology, which implies all the generic features of composite Higgs models, and additional features which are specific to our model. The standard composite Higgs phenomenology has been covered extensively in the literature (see [9] ), and here we only briefly summarize the main predictions:
• Fermionic top partners: New vector-like quarks that would appear in direct searches. In our model there is a light top partner -t 0 s with SM quantum numbers (3, 1, 2/3), which is lighter than the rest of the KK states. This state cancels the top loop and so its mass is directly connected to the tuning. Current constraints are M s > ∼ 1.1 TeV [32, 33] , which corresponds to a tuning of O(20%). In contrast with standard CH models where Higgs and EW constraint favor a heavier top partner M T > ∼ 1.5−2 TeV, the top partners in our model can be light. We assume the rest of the top KK modes are much heavier: M KK > 3 TeV.
• Gauge partners: Heavy new EW vectors that would appear as resonances at the LHC.
The gauge partners also directly contribute to the tuning, and their mass has to be M V > ∼ 2.5 TeV. In this model we assume that the necessary O(20%) tuning in the Higgs sector is obtained via the cancellation of the top and gauge loops.
• Higgs data: Due to the pNGB nature of the Higgs, the coupling of the Higgs differ from the SM expectation by O v 2 f 2 . This is also the main deviation in the Higgs signals in our model.
• EW precision data: In composite Higgs models with custodial protection, the dominant effect is on the S parameter due to tree-level mixing with the gauge partners. At the loop level, the change in the Higgs coupling and the new top partners also have a measurable effect. This is true for our model as well.
• Flavor: The new composite states can mediate FCNC. These are suppressed if the SM fermions are partially composite, but the suppression is usually not sufficient for the composite Higgs to be the solution of the hierarchy problem. To avoid these constraints, CH models with various flavor symmetries have been considered [34] . Addressing these constraints is beyond the scope of this paper, but it is plausible that similar symmetries can be implemented in our model for the same purpose.
The main non-standard features of our model are the doubled KK spectrum and the extended Higgs sector. Double KK spectrum. All the KK modes in our model appear in both the up and down sites. The splitting between two such modes is O(θ 6 M KK ) ∼ 300 GeV for fermion KK modes and O(θ 
For reasonable choice of parameters, we get m h2 ∼ 300 − 500 GeV. The phenomenology of the states in this doublet depends on the embedding of the quarks in our model. If we assume that all the quarks couple to h 1 similarly to the top, then the coupling to the second doublet are suppressed by the mixing which is O(
40
). This suppresses all single production processes for the scalar states in the second doublet. The charged Higgs can additionally be produced in pairs via an unsuppressed Drell-Yan process. Further analysis is required to obtain precise bounds and discovery potential for these states.
Conclusions
Composite Higgs models are among the most exciting viable extensions of the SM. One of the long-standing issues with such models is the tuning necessary to obtain a realistic Higgs potential with a 125 GeV Higgs mass. In this paper we presented a novel class of models where this tuning can be reduced in the presence of a tree-level quartic for the Higgs. The model originates from a 6D orbifold producing two pNGB Higgs doublets which naturally obtain a collective quartic due to the 6D gauge interactions. The simplest and most useful implementation is based on its 5D two-site deconstructed version, where the bulk gauge group for the minimal model is SO(5) × SO(5), with a bulk link field breaking the group to the diagonal, in addition to boundary breakings ensuring the presence of the two light Higgs doublets. This is the first example of a holographic composite Higgs model with a tree-level quartic for the Higgs. Importantly, the magnitude of the quartic can be adjusted by dialing the parameters of the theory which can result in the SM quartic dominantly arising from the tree-level contribution. This in turn allows us to suppress all loop effects, leading to the reduction of the tuning. The main experimental consequence of such models (beyond the standard signals of composite Higgs models such as colored top partners, gauge partners, etc) is the doubling of the KK spectrum. The splitting among the KK modes is related to the same parameters setting the magnitude of the quartic. We find that for a realistic model with reduced tuning, the splitting among the doubled KK states has to be relatively small (of order tens of GeV for the vector KK modes and hundreds of GeV for the fermionic KK modes). In addition, the Higgs sector has to contain two Higgs doublets, which must be in the decoupling limit in order to correctly reproduce the measured Higgs phenomenology. Finally, unlike the CH case, direct searches for fermionic top partners provide the most stringent bounds on naturalness in our model, and so we expect them to lie just around the corner within the LHC reach.
